Vitamin D is a sunshine vitamin that has been produced on this earth for more than 500 million years. Because foods contain so little vitamin D most humans have always depended on sun exposure for their vitamin D requirement. Vitamin D deficiency has been defined as a serum 25-hydroxyvitamin D concentration < 20 ng/mL (50 nmol/L); vitamin D insufficiency as a serum 25-hydroxyvitamin D of 21-29 ng/mL and vitamin D sufficiency as a serum 25-hydroxyvitamin D of 30-100 ng/mL whereas toxicity is usually not seen until blood levels are above 150 ng/mL. Vitamin D deficiency is a global health problem that increases risk for metabolic bone diseases in children and adults as well as many chronic illnesses including autoimmune diseases, type 2 diabetes, cardiovascular disease, infectious disease, and cancer. The major causes of vitamin D deficiency are lack of adequate sensible exposure to sunlight, inadequate dietary intake and obesity. The United States Endocrine Society recommended that to prevent vitamin D deficiency in those at risk, children 1 year and older require 600-1,000 international unit (IU) of vitamin D daily and adults require 1,500-2,000 IU of vitamin D daily. Obese patients require 2-3 times more vitamin D to both treat and prevent vitamin D deficiency. (Endocrinol Metab 27:255-267, 2012) 
INTRODUCTION

PREHISTORICAL PERSPECTIVE
Vitamin D is likely to be the oldest hormone that has been photosynthesized for more than 500 million years in early life forms [1] .
Emiliania huxleyi, a phytoplankton that has existed in the Sargasso Sea for more than 500 million years, was found to be able to produce vitamin D2 after exposure to sunlight. Although the function for vitamin D is unknown in these primitive organisms it has been suggested that when vitamin D2 was produced in the plasma membrane of these early life forms it was then ejected out of the plasma membrane resulting in a transient opening of the membrane that permitted the transport of calcium into the cell [2] . As life forms evolved they maintained their ability to produce vitamin D during sun exposure. Three hundred and fifty million years ago the ocean dwelling vertebrates ventured onto land and maintained their ability to produce vitamin D in their skin from sun exposure. It has been speculated that one of the causes for the demise of dinosaurs after the asteroid struck the earth was that the globe was enveloped in a dark cloud of ash which would have prevented land vertebrates from making any vitamin D. Therefore vitamin D deficiency could have contributed to the death of these giant vertebrates. It was the nocturnal rodent that survived this holocaust. They had adapted to their nighttime environment thereby needing little if any vitamin D to survive [2] .
HISTORICAL PERSPECTIVE
The intimate relationship between sunlight and human health became evident with the industrialization of Northern Europe [3] .
It was recognized in the mid-1600s that children living in London and Glasgow developed a devastating bone disease known as rickets. This bone deforming disease spread throughout Europe and Northeastern United States. In the mid-1800s cod liver oil was found to be effective in treating the disease. However by the turn of the 20th century upwards of 90% of children living in the inner cities in Northern Europe and Northeastern United States had evidence of rickets. Huldschinsky [4] was the first to report that children exposed to a mercury arc lamp could be cured of their disease. Hess and Unger [5] reported in 1921 that exposing children to sunlight in New York City was effective in treating rickets. This quickly led Steenbock [6] to introduce the concept of exposing various foods to ultraviolet radiation to impart antirachitic activity. This observation led to the fortification of milk with vitamin D. This simple fortification process resulted in the eradication of rickets as a health problem for children living in the United States, Canada, and Europe.
In the early 1950s there were several reports of young children who had high blood calcium and altered facial features in Great Britain [7] . The experts concluded that this was due to vitamin D intoxication and believed that the intoxication was coming from the over fortification of milk with vitamin D. This caused great hysteria leading to laws being passed in Europe forbidding the fortification of any food or consumer product with vitamin D.
Several investigations occurred but no one was able to find any product had contained an excess amount of vitamin D. It is more likely that these children had Williams syndrome which is known to be associated with birth defects especially regarding facial features with elfin faces, mental retardation, supravalvular aortic stenosis and that they are hypersensitive to vitamin D resulting in hypercalcemia [8] .
Unfortunately these laws remain operative today and most Euro- Fig. 1 . Schematic representation of the synthesis and metabolism of vitamin D for regulating calcium, phosphorus, and bone metabolism. During exposure to sunlight 7-dehydrocholesterol in the skin is converted to previtamin D3. Previtamin D3 immediately converts by a heat dependent process to vitamin D3. Excessive exposure to sunlight degrades previtamin D3 and vitamin D3 into inactive photoproducts. Vitamin D2 and vitamin D3 from dietary sources is incorporated into chylomicrons, transported by the lymphatic system into the venus circulation. Vitamin D (D represents D2 or D3) made in the skin or ingested in the diet can be stored in and then released from fat cells. Vitamin D in the circulation is bound to the vitamin D binding protein which transports it to the liver where vitamin D is converted by the vitamin D-25-hydroxylase to 25-hydroxyvitamin D [25(OH)D]. This is the major circulating form of vitamin D that is used by clinicians to measure vitamin D status (although most reference laboratories report the normal range to be 20-100 ng/mL, the preferred healthful range is 30-60 ng/mL). It is biologically inactive and must be converted in the kidneys by the 25-hydroxyvitamin D-1α-hydroxylase (1-OHase) to its biologically active form 1,25-dihydroxyvitamin D [1,25(OH)2D]. Serum phosphorus, calcium fibroblast growth factors (FGF-23) and other factors can either increase (+) or decrease (-) the renal production of 1,25(OH)2D. A 1,25(OH)2D feedback regulates its own synthesis and decreases the synthesis and secretion of parathyroid hormone (PTH) in the parathyroid glands. A 1,25(OH)2D increases the expression of the 25-hydroxyvitamin D-24-hydroxylase (24-OHase) to catabolize 1,25(OH)2D to the water soluble biologically inactive calcitroic acid which is excreted in the bile. A 1,25(OH)2D enhances intestinal calcium absorption in the small intestine by stimulating the expression of the epithelial calcium channel (ECaC) and the calbindin 9K (calcium binding protein, CaBP). A 1,25(OH)2D is recognized by its receptor in osteoblasts causing an increase in the expression of receptor activator of nuclear factor kappa B ligand (RANKL). Its receptor RANK on the preosteoclast binds RANKL which induces the preosteoclast to become a mature osteoclast. The mature osteoclast removes calcium and phosphorus from the bone to maintain blood calcium and phosphorus levels. Adequate calcium and phosphorus levels promote the mineralization of the skeleton. Reprinted from Holick MF copyright 2007 with permission. 7-DHC, 7-dehydrocholesterol; UVB, ultraviolet B. 
SOURCES OF VITAMIN D
The major source of vitamin D for humans is exposure to sunlight. During sunlight exposure the ultraviolet B radiation (290-315 nm) penetrates into the epidermis and is absorbed by 7-dehydrocholesterol [9] . This absorption results in 7-dehydrocholesterol being converted to previtamin D3 (Fig. 1 ). Once informed previtamin D3 which is thermally labile, undergoes a transformation of its double bonds to form vitamin D3. This process takes approximately 4 hours to complete [10] . As vitamin D is being produced it is ejected out of the cell membrane into the extravascular space and diffuses into the dermal capillary bed where it is bound to the vitamin D binding protein [11] .
A variety of factors dramatically influence subcutaneous production of vitamin D3. A sunscreen with a sun protection factor of 30 absorbs approximately 98% of solar ultraviolet B (UVB) radiation and thereby reduces the production of vitamin D3 in the skin by approximately 98% [12] . Melanin pigmentation is a very effective sunscreen. Therefore people of color especially blacks require much longer exposures to sunlight to produce the same amount of vitamin D as a white person would require. One study reported that when a white adult was exposed to UVB radiation in a tanning The zenith angle of the sun also has a dramatic influence on the ability of the skin to produce vitamin D3. Solar UVB radiation is efficiently absorbed by the stratospheric ozone layer and no more than approximately 1% reaches the earth's surface at the equator in the summer. Thus as the zenith angle of the sun increases the solar UVB radiation has a longer path length of ozone to pass through.
As a result essentially all UVB radiation is absorbed during the winter at latitudes above and below approximately 32°. This is also the explanation for why even in the summer at the equator exposure to early morning and late afternoon sunlight will not result in any significant production of vitamin D3 in the skin (Fig. 2) [2] .
Very few foods naturally contain vitamin D [14] . Oily fish, including salmon, mackerel and herring, cod liver oil and sun exposed mushrooms naturally contain vitamin D (Table 1) 
Natural sources
Cod liver oil~400-1,000 IU/tsp vitamin D3 Salmon, fresh wild caught~600-1,000 IU/3.5 oz vitamin D3 Salmon, fresh farmed~100-250 IU/3.5 oz vitamin D3, vitamin D2 Salmon, canned~300-600 IU/3.5 oz vitamin D3 Sardines, canned~300 IU/3.5 oz vitamin D3 Mackerel, canned~250 IU/3.5 oz vitamin D3 Tuna, canned 236 IU/3.5 oz vitamin D3 Shiitake mushrooms, fresh~100 IU/3.5 oz vitamin D2 Shiitake mushrooms, sun dried~1,600 IU/3.5 oz vitamin D2 Egg yolk~20 IU/yolk vitamin D3 or D2 Sunlight/UVB radiation~20,000 IU equivalent to exposure to 1 minimal erythemal dose (MED) in a bathing suit.
Thus, exposure of arms and legs to 0. RANKL inducing them to become mature osteoclasts. These mature osteoclasts release HCl and collagenases which dissolve the mineral and matrix respectively to release the precious calcium into the circulation [14, 19] . A variety of factors including serum calcium, phosphorus, parathyroid hormone (PTH) and fibroblast growth factor 23 regulate the renal production of 1,25(OH)2D (Fig. 1 ) [14] .
VITAMIN D METABOLISM FOR CALCIUM METABOLISM
EXTRARENAL PRODUCTION OF 1,25(OH)2D
It is now recognized that essentially all of the cells in the body express VDR. Thus essentially all cells and organs in the body including the brain, vascular smooth muscle, breast, prostate, pancreas, skin, and macrophages are targets for 1,25(OH)2D. Remarkably many of these organs and cells also have the capacity to convert 25(OH)D to 1,25(OH)2D [20, 21] . Thus colon, prostate, brain, breast, skin, and immune cells including macrophages can locally produce 1,25(OH)2D (Fig. 3 ) [14, [20] [21] [22] .
It has been estimated that as many as 2,000 genes are directly or indirectly regulated by 1,25(OH)2D [23, 24] . One example is that disease [33] . However a reevaluation of the study by Priemel et al. [35] revealed that 8.5% of otherwise healthy adult German motor vehi- 
CONSEQUENCES OF THE VITAMIN D DEFICIENCY PANDEMIC
During pregnancy vitamin D deficiency has been associated with an increased risk for preeclampsia [44] . At the time of birthing vitamin D deficiency was associated with an increased risk for requiring a cesarean section [45] . Vitamin D deficiency during infancy has been linked to increased risk for wheezing disorders, asthma and increased risk for upper respiratory tract infections as well as growth retardation and infantile rickets [46, 47] . There have now been several reported cases of infants who were brought to the emergency department because of a suspected fracture due to minimum trauma by the parents only to find out that upon further skeletal survey that the infant has had multiple fractures in various stages of healing suggesting child abuse [48] . Often these children are removed from the parents and the parents are charged with child abuse. Radiologists who are suspicious that the child has been abused will over-interpret X-rays as having multiple fractures when in fact many of the skeletal X-ray findings that are reported as fractures, including transverse lucencies, flared ribs, and Loosers zones, are classic signs for infantile rickets and can look like a fracture to the uninformed eye [48, 49] .
Vitamin D also plays an important role in calcium homeostasis [14] and cardiovascular health [31, 32] . A Korean child who presented with cardiomegaly, pulmonary congestion with an ejection fraction of 17% was found to be vitamin D deficient and hypocalcemic [50] . years later by 88% [51] . Males born at far Northern and Southern latitudes had a 10-15 higher risk for developing type 1 diabetes [52] .
Those who are born at a latitude below 35° N and live there for the first 10 years of their life have a 100% increased risk for developing multiple sclerosis for the rest of their life no matter where they live after the first 10 years [53] . Nurses who had the highest intake of vitamin D had a more than 40% reduced risk for developing multiple sclerosis [54] . Women who had a highest intake of vitamin D also reduced their risk of developing rheumatoid arthritis by 44% [55] .
Living at higher latitudes was associated with increased risk for developing colorectal cancer, prostate cancer and breast cancer [26] [27] [28] . In the Harvard Nurses' Health Study it was observed that nurses who had on average a blood level of 25(OH)D to 45 ng/mL had a 50% lower risk of developing breast cancer [27] . It was also concluded that increasing vitamin D intake to 1,000 IUs daily reduced risk of colorectal cancer by 50% [56] . Although 400 IU of vitamin D3 daily along with calcium supplementation was not found to reduce risk for colorectal cancer in the women participating in the Women's Health Initiative it was reported that those women who had a baseline 25(OH)D < 12 ng/mL had a 253% higher risk of developing colorectal cancer compared to women who had a baseline of 25(OH)D > 24 ng/mL [57] . This observation is consistent with the recent report of a 34% reduced risk of colorectal adenoma in Japanese women who had a blood level of 31-34 ng/mL when compared to women who had a blood level of 25(OH)D of 14-19 ng/mL [58] . A study in postmenopausal women who received 1,200 mg of calcium and 1,100 IUs of vitamin D3 daily for 4 years reduced their risk of developing all cancers by more than 60% [59] .
VDRs exist in cardiovascular tissue and it is estimated that more than 200 genes may be directly or indirectly regulated by 1,25(OH)2D.
This may be the explanation for the observation that vitamin D deficiency was associated with a 50% increased risk for developing a myocardial infarction [60] . A blood level of 25(OH)D < 30 ng/mL was associated with an 80% increased risk for developing peripheral vascular disease [61] . A meta-analysis of mortality studies revealed that men and women with the highest blood levels of 25(OH)
D had on average a 15% reduced risk for mortality [62, 63] .
Vitamin D deficiency has been associated with type 2 diabetes.
Recent prospective studies have reported that men and women with the lowest blood levels of 25(OH)D were at higher risk for developing type 2 diabetes or accelerating from pretype 2 diabetes to type 2 diabetes [64, 65] . Vitamin D deficiency has also been associated with insulin resistance [30] .
Vitamin D plays a critical role in immunomodulation [20] . Activated T and B lymphocytes have a VDR and 1,25(OH)2D is known to alter cytokine production and antibody production. It was documented more than 100 years ago that children with rickets were at higher risk for upper respiratory tract infections and mortality from them [3, 66] . A study conducted in Japanese school children who In the United States a recent survey of adolescents revealed that more than 50 million were at risk for vitamin D deficiency and had a 2.4 fold higher risk for having high blood pressure, 2.5 fold higher risk for an elevated blood sugar and a 4 fold increased risk for pretype 2 diabetes (metabolic syndrome) [69, 70] . A study conducted on African American teenage boys and girls who received 2,000
IUs of vitamin D3 daily for 4 months and increased their blood level of 25(OH)D from 11-34 ng/mL had a significant reduction in arte- IUs of vitamin D a day was considered to be safe (Table 2) An effective method to treat vitamin D deficiency is to give 50,000
IU vitamin D once a week for 8 weeks (equivalent to 7,000 IU/day).
To prevent recurrence 50,000 IU every 2 weeks is effective (equivalent to 3,300 IU/day). This treatment regimen has been effective for as long as 6 years without any toxicity [72] .
Neither the IOM nor the Endocrine Society recommends screen- AODM, adult-onset diabetes mellitus; CHD, coronary heart disease; FEV1, forced expiratory volume in 1 second; HBP, high blood pressure; URI, upper respiatory infection; TB, tuberculosis; MS, multiple sclerosis; RA, rheumatoid arthritis.
http://www.enm-kes.org sun exposure and skin cancer need to be put into perspective. Although nonmelanoma skin cancer is the most common cancer, it is easy to detect and easy to treat and not lethal if detected early [73] .
These cancers occur because of chronic excessive exposure to sunlight which is why most of them occur on the most sun exposed areas including the face, back of the neck and top of the hands.
The recommendation for exposing arms, legs, abdomen and back when appropriate to suberythemal doses of sunlight 2-3 times a week during the spring, summer and fall is a good approach. Even the Australian Society of Dermatologists and the New Zealand Bone and Mineral Society now recognize that the abstinence message of avoiding all sun exposure has caused a vitamin D deficiency epidemic in Australia and New Zealand and they now recommend that limited sun exposure can be a good source for vitamin D [74, 75] .
What is of course of most concern is the deadly skin cancer melanoma. It has been linked to sun exposure. Evidence suggests however that most melanomas occur on the least sun exposed areas and occupational sun exposure decreases risk for melanoma [73] .
The major risk factors include having a number of sun burning experiences as a child and young adult, large number of moles, being red headed and having a genetic predisposition. There is no evidence that sensible sun exposure increases risk for melanoma and may actually decrease risk.
The bottom-line is that everyone should be aware of their vitamin D status not only to maximize their bone health but also to reduce risk of acute and chronic illnesses associated with vitamin D deficiency (Fig. 7) . This can be accomplished by increasing intake [34] .
